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Abstract 



PURPOSE: To accurately measure the shape error of an optical surface by rotating interference fringe 
data to be a reference by a predetermined angle, and subtracting rotationally averaged data obtained 
by averaging the data of each rotation from reference data. 

CONSTITUTION: An optical system 120 interferes the reflected lights from a surface 1a to be detected 
and the Fizeau surface 2a of a reference surface, and generates an interference fringe. A CCD camera 
130 images the generated fringe, and sends the image information to a calculator 150. As the order of 
the measurement Interference fringe data to be a reference is first decided, the reference data is 
rotated by a predetermined angle, and data of each rotation is averaged. The obtained averaged data is 
subtracted from reference data, and the non-rotationally symmetrical component of the reference data 
is obtained. Further, laterally deviated data in which the reference data is moved by a predetermined 
amount in a predetermined direction is subtracted from the reference data, and a rotationally 
symmetrical component is obtained. The shape corresponding to the reference data is obtained based 
on the added data of the non-rotationally symmetrical component and the rotational symmetrical 
component. 
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ft^#«Ufc»»IanE« (m-1) [ElSriiflnOT^ IT 
= n+ (m-1) +-l=n+mj J&^T^&en* C 

(^^co^l5i^'fb:cD[HiS:«> ^(ffiWfc:, r n j r n 
xmj KifinrT*. 

[0108] z.<dt hmvm&E 3 Bcv* mi%<D m&m 

K^YblarSctt, rn+m-lj Kl^fcfcfcV*. 

[oio 9] -±S6©afiiHr»s*K^T*i*«t, a 
T^-rsiOcfc^fc^s, 

[0 110] 



m- 1 


ra- 2 


m — 3 


n xm 


T 


n x m 


T 


n x m 


T 


2 


3 


4 


4 


6 


5 


3 


4 


6 


5 


9 


6 


4 


S 


8 


6 


1 2 


7 


5 


6 


1 0 


7 


1 5 


8 


8 


7 


1 2 


8 


1 8 


9 


7 


8 


1 4 


9 


2 1 


1 0 


8 


9 


1 6 


1 0 


2 A 


1 1 



[0 111] ntmt&miR-tZWzfo* MMM 40 

r n +m=T Ogft) J"®* 

[0 112] WZW-K [n, m] fC^TS, HJIte 

[0113] L&a*oT, nesratt. r^-n- 



[0114] $z\z, *mmzfrfrz>m<D$3&m&m3& 
mri/trw-}"*. 

[0 115] K [4, 3] CD*g\ IP'S, 

S«JO®^ 5 F^lHlitn = 4<7)«!l^^bT, WSJ&fcJt 
Sm= 3 <DjaaSfT^fc*lB«T*S. 

[0 116] (No. 1) :03 (a) K^*r<fc3fcu V 

jv—mmm (fz) ^ml^, ossftc^r- 

fD:4 [0] J fc33, HS1T»*« 

[0 117] 04 (a) fcW«CD***K:J:oT, 
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+ 



[0 118] ECD#lsHE»*lC»S*l*«ffi^— 
TD:4 [i] J (i=0-3) tSti» : 4 

[i] J & ^©^tc^^nso 

[0 1 1 9] IPt> TD:4 [i] =F+W:4 [I] J hto 
[0 1 2 03 /hJS5lrtO**tt* 03 (a) O 

To 

[0121] ^:lt i = oi:liOS> i = ifcfi 

9 0E i-2Kttl8 0«, i=3Kltt2 7 0«rt**# 

[0 12 2] EOBfc »»<03e«^ rWAP-W-WRPj 
ICS^T, #IfcT^T, rw [i] =WAP:4 [i] 
+ WRP:4 [0] J 5* ±12 r D:4 

[i] j tftALT, TD:4 [i] = F+WAP:4 [i] 
4-WRP:4 [0] J tX»*C*&. 

[0 12 3] &£3, TWRP:4 [i] J ttHWtt&^TJ"* 
fc«>, 1 = 1 (0*fc«S), i=2 OOSfcffl 
m , i = 3 (18 OftfcffiS) , i =4 (2 7 OJglC 

[0] j T^tTMt5uttno 

[0124] (No. 2 ) : »«flMBMkm= 3 V 

l/T> »SM&i&. -0K*ias«*i:UT r± (*/ 
2) /"m=7c/6j fcttHn£2ii\ ^©tfJBWMfcr- 

[0 12 5] W&nsWJtx-^tt* ^D:4 [-3 
0] j , TD:4 [30] J £*1ET 5 Zl 0 3 

(a) Id, &*k H3-|C*«St 

[0 12 6] (No. 3) : (No. lj fc*5V»T#Sn;fc 
ArnvrnfeT—? rD:4 [i] J SdTgglCckoT 
WfflWt*. W&ftfcT 2 — TDAV:4j £^12 

-T ^^UfeM^^^^v^T> tswap 

[i] = 0j ftftWHRS^S/EfcWfl:?— ^* DA 
Y:4" tt, rDAV:4-£D:4 [i] /n = 2 (F+WAP: 
4 [i] +WRP:4 [0] ) /n=F+2 (WAP:4 

[i] ) + WRP:4 [0] = F+WRP:4 [0] J tfcQ* 
0 3 (c) T^n^r-^tMo ^Of"^KH 
7^7-»«WI*lItW*. 03 (a) T*Sn 

r- sogers (±S) J . ro«*i« J , 

fcmm*:fftiit>nfc&$tt<oX^Z><D&, 0 3 (c) 
IZTxfr— ^T&tK £ £ 0 3 (a) <D"r—?ft 



(8) 4$»¥8- 2 3 3 5 5 2 

i4 

03 (c) lC^T5 2 -5'£«#t/fcfc©a<* 03 
(b) T^n^f-^i^WSo 
[0 12 7] (No 4) : RjfSWZcfcoT, £<0|sflE¥ 
rDAV:4j 4<@<D^5 i — *<Dft<D 1 O 
-CftS, 0flC»lRl©aJPx— ^ TD:4 [0] J frSMJf 
TD:4 [0] -DAV:4= (F±WAP:4 [0] + 
WRP:4 [0] ) - (F+WRP:4 [0] ) =WAP:4 
[0] j ^at»fc:J:D**0. 03 (b) 

10 [0 12 8] l©ct^C> 0 3 (b) > (c) IC»> 
TD:4 [-30] J , TD :4 [30] J \Ztt?Z>, TWAP:4 
[±30] J , TWRP:4 [±30] J £>x*-* *>#iTr0^ 

[0 12 9] (No. 5) : OflBSrAoatfpT*— * l*D:4 
[0] j i: (No. 2) 7?#5nfc»€r-^ TD:4 [± 
30] j tsadJSatc.fcoTSffUfeT 5 -^*. *n*¥ 

[0 13 0] f2 (D:4 [0] -D:4 [±30] ) /3 = 
{2 (F+WAP:4 [0] +WRP:4 [0] ) -2 (F+W 
^ AP:4 [±30] +WRP:4 [±30] ) } /3= (2X (WA 

P:4 [0] + WRP:4 [0] ) - (2WAP:4 [±30] +2 

WRP:4 [±30] ) } /3J t&WX&Z. 
[0 13 1] -E-LT> tEmiZ&XlT—? 

[0 13 2] fTS-S (D:4 [0] -SD:4 [± 

30 ] ) / 3 _ (2XWAP:4 [0] -2WAP:4 [±30] ) 
/3= (2XWRP:4 [0] -EWRP:4 [±30] ) /3j 
<h&0. IP^> rwRP:12 = (WKP:4+ 

2WRP:4XK [4, 3] ) /3j fc£H«S£JB^* 
50 TT5= {2xWRP:4 [0] - (3XWRP:12 [0] 

-WRP:4 [0] ) ) /3=WRP:4 [0] -WRP:12 

[0] =FRG [4, 2] J fcft*. ^CD^«, 03 

(d) vvm&mx. 03 (e) ©T-^^#^n?)i 

[0 13 3] T7^t>^> WFtE©T-^$MIt5 
Z.£)Z&r), r-^HW^n, 0*F tGCD^— ^5: 

Hif-^IS**U 3T8dofe'bO^ 03 (e) 

40 ^^n^:0 3 (f) \Z^~t& O fc^—P &?ksbZ>friblZ 
\± y 5^— ^F^b. 03 (e) tC^f^— ^^r^#"fn 

[0 13 4] (No. 6) : ^(D^5C7)^i5i«, K [4, 
3] tff)i3«*t±<H«T»*. 

[0135] ^±(D?n#tc^v^T> mw$ffi&ft<atb& 

ffiWzmz, n= 1 2 (DmZ&^fc&ft-ot^ Z:\Z1Z 
^^E>, JS«fftfl:»»m=3©«lS^tBi:3teoXV^ 

[0 13 6] ftoSOSfOfc^^Tlftig-r 

5^ *wb«tw:, «a<o*M«TKMbfcweJirai* 
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(8) 

13 

ila 0*»WCDI&+'fr&lHrtK»£: IT, 1 ft 

■T -5 £ J: D * Wm 1 a <D# WR*Wft SWF*ft 

[0118] c^iatewcs&n^s^-^ft* 

TD:4 [I]J (1=0-3) i*T£, r D : 4 

[ i ] j :^©*fc#*rans. 

[0 119] 5P« TD:4 [i] = F+W:4 [i] J ii) 
[0 12 0] dCT, /hSffift^)*^^ S3 (a) <D 10 

m©£««fiA& (E©ft«££fci§«EL>Tv><) ft* 

[0121] JWfcBfcKk i = 0 \Z\$ i = i fctt 
9 0E I=2fc»180«* i=3tl3 2 7 0«jSJ« 

[0 12 2] »jfi©jeil3t rWAP-W-WRPj 

fc*d^T\ « i \Z~D^X, rw [ I ] =WAP:4. [ i ] 
+ WRP:4 [0] j fciHWC*** ±B »"D:4 

[ilJfcttXl/T, TD:4 [i] =F+WAP:4 [i] # 
+W:4 [0] j iSB»T*«. 

[0 12 3] TWRP:4 [I] J ttjaJBttft**"* 

i = i (o&\zmm) , i=2 (9oak:« 

, i =3 (18 OSKfflMf) > i =4 (2 7 0«fc 
ffiS) Kl#bTf4, P& TWRP:4 

[0] J -Ctt3t\sT&&r*Z.i:h?Z. 

[0 12 4] (No. 2) : MM^fcm- 3 fc*f*l> 
fc«5££LT, ttttil a©^W©lOT 1 '&ftlfflRW£ 

2) /m=7c/6j fcttHSS*, ^©JRMKOW*^- » 

[0 12 5] fc&n***^-*!** ^D:4 [-3 
0] j > TD:4 [30] J t*Et" * d 0 3 

(a) \Z. *©««jft«-r. H3»C^W"**« 

[0 12 6] (No. 3) : (No. 1) \Z^X%^tl1t 

±m<omi&T— $ rD:4 [i] j- ft* 0gfi;i;ot 

spi^fl:**"rs. -WStlfc^— ^ft- CDAV:4j tSIS 

[i] =0J UZM&ftfr*. m&W-nit'r—?" DA 
V:4" tt, rDAV:4=2D:4 [i] /n = X (F+WAP: 
4 [i] +WRP:4 [0]) /n = F + S (WAP:4 

[i] ) + WRP:4 [0] = F+WRP:4 [0] J tfcV. 
0 3 (c) T^nSf-^t^^ Z<Dy : —?lZ\Zs 
7^7HS«BS« J lltW5. 0 3 (a) T^£n 

*, r-30K*ifia (±8) J , roattfa <*S) j . 
r30St*ia CTH3 J © 45-5cx— $ \z$& U ts BMW* 

ftaaftfT5at>nfc«fc5fcft:oT^s©^ 03 (o 

teiKT^— 2 0 3 (a) ©5 — 50 



»W 3 P8 -2 3 3 5 5 2 

■ -M 

6> 0 3 (c) C^tT-^^f^^t)©^ 0 3 

(b) T*$n*^~^£fc?Tt**. 

[0 12 7] (No4) t?T, dcpErte^F 

* TDAV:4J ft, 4<@©&te7 r — ^©1*1© 1 "3 
OflttrWOSW'Jr-* rD:4 [0] j 
TZt. TD:4 [0] -DAV:4= (F+WA?:4 [0] + 
WRP:4 [0] ) - (F. + WRP:4 [0] ) = WAP:4 
[0] J &fc&\Z£Q$t&Q* 03 (b) \Z7ik-r£5te 

[0 12 8] £©£3fc, 03 (b) > (c) \Z\Z, 
TD:4 [-30] J , TD:4 [30] J K^TTS, TWAP:4 
[±30] J , fWRP:4 [±30] j 07-^fe«ff T0i 

[0 12 9] (No. 5) : 0 fiC&lRj©**^— ^ ^ D :4 
[0] J (No. 2) TW&tlfcW*^^ TD:4 [± 

30] j ^^ggl^oTPlfcT-^^, UDJW 

*rra£#T©i:3K:fc*. 
[0 13 0] T2 (D:4 [0] -D:4 [±30] ) /3 = 
{X (F+WAP:4 [0] + WRP:4 [0] ) -2 (F +W 

AP:4 [±30] + WRP:4 [±30] ) ) /3= {2X (WA 

P:4 [0] +WRP:4 [0] ) - (SWAP:4 [±30] +2 

WRP:4 [±303 ) 1 /3J tX&t:**. 
[0 13 1] ^Lt, &afc&ft5 f -*ft# 3 l'fr*£* 

[0 13 2] BPS, TT5=2 (D:4 [0] -SD:4 [± 
30] ) /3- (2 XWAP:4 [0] -2WAP:4 [±30] ) 
/3= (2XWRP:4 [0] -2WRP:4 [±30] ) /Z} 
tfcQ* BP*. TWRP:12 = (WRP:4+ 

SWRP:4XK [4, 3] ) /3j 3ft«H«Aft^V^ 
<h> TT5= (2XWRP:4 [0] » (3 XWRP:12 [0] 
-WRP:4 [01 ) } /3=WRP:4 [0] -WRP:12 

[0] =FRG [4, 2]_J LtZZo C©*tt, 03 

(d) ©«»ftftr, 0 3 (e) of-^r#^n^: 

[0 13 3] -r&fc>-£, EI^FtEOf-^^SJItS 
Ci:tCj:?) v ^HMSn, 0*F£GCD5 i — 

HiT-^I^IU 3T§0-pfct)©^ 03 (e) 

\ZtkTt-* S^tc^fcv^ 
i^$nfc0 3 (f) £^T£5&^-^£^£>££:g>£ 
^F*>S* 03 (e) ^"Tx-^ft«*1"*l 

[0 13 4] (No. 6) : *(D®0^Mfe, K [4, 
3] ftfffr5«^fc£<ra*r<&3. 

[0 13 5] £i±©miffc*5Vir, IartE^»*»©»ffl 
tt, n = l 2©im<E¥^ftfTofc2:i:^ 

S^e>, **»*^ftm=3©ffiS^iei:«:-3T^* 

[0 13 6] ^fc, m<D$ZffiM\Z'0\,*T&WT 

* 0 3(*K«Trwu «a©HJ6«iTsawLfcM^]Raft 
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15 

[0137] te&s SkT\Z7K? n [ i ] > m [ i ] fit, 

n, nKZMS-C&tK n [i] = n [1-1] Xm [i- 

#*-ra«fiH*«*T [i]ilT[i]sm[i] 
-1, ttt*. 

[0 13 8] S^l:, iM^-HS-CCSl/fcStt 
«SHI3ftR Ci] fct R [I] sR [i-l] +T 
[i] 

[0 13 9] (No, 1) : r n =mj ft* 

J»fc-r*£ttlC»«K#«t, f n [0] =2j 

T, Tn [0] =m [0] = 2j £&5$l5££:fT5o £ 

©I*, ^m^JMmitmmt In [l] = n [0] xm 

[0] =4J , «e@R«ftT [0] tt> TT [0] ■ 
n [0] +rn [0] =4j , R [0] WU 

TR [0] =T [0] =4J <h&5o 

[0140] (No. 2) :«T6U4, (No. 1) fc*3 
ViTfTofcllHl7^ttTar035^, «fi3»*»K:«*^^ 
frWU l"n+ (m-l) = T-1 Ogft) J <&*fr£*» 

[0 14 1] <BU i£^-Fff#©t>©T& 

*R i E-l«*ff»"S"tltf, Tn = pAq (Ate, ^ 

S. 

[0 14 2] Tn [1] =m 

[2] =n [1] xm [1] =16j , »3e®R«»T 
[1] TT [1] =m [l] -l = 3j , 

©f&R [1] ft fR [1] sR [0] +T [1] =4 

+ 3 = 7J 

[0 14 3]-*, aS^-bm Tn [1] =4 = 
2 2 J T&5#>£> r m [1] =m [2] =2J OWft 

KfclsHKtt Tn [2] =n [1] Xm [1] =4X2 = 
8J > H£HftlHfcT [1] WU TT [1] am [1] 
-1-1J , «»«*0*R CI] TR [1] SR 



(9) \ #ffl¥8-2 33 5 52 

J0 

[0] + T [1] =4+l=5j SSfc. *© 

^-HTH ^ffi¥^®t5^IHSctt r n [2] =n 
[1] Xm [1] =8 x 2= 1 6 J , «6Ih««*T 
[2] feu TT [2] =m [2] -1 = U , *fHW6 
0ftR [21 «, TR [2] hR [1] +T [2] =5 
+ 1 = 6 J <hft£o 

[0 14 4] M#€Jt«-rntf, «*^-H^OtJ^lHl 

[0 14 5] (No. 3) r2 2 J fflf^Srll DjI 

JO LTfrW* «i¥i*ia«fcia*ntt, »itWfcttlc* 
iOT^o IP^> &HJ© TT [0] =4J ri 

«©««Wia«s«®*n [k] tt, r n [k] =2 A 
k+l J klHia©K«fKfi:fflaao*W-«l3£®ft 

R [k] TR [k] sR [0] + (k-1) =44- 

(k-1) = k + 3j tfc*. 
[0 14 6] a«@ft*ft=9 (H) 

*n«, WfcHMfcWU 8 

(IS) T&3©tC#U #*»KlJ;ntt. 2 7 = 12 8 
[0 14 7] (No. 4) :^TH«0» 

&flfflt*B©WIH JhE roj fc^U<*5. 
[0 14 8] a±a^<T*/tJ;3R:*«W!K:J:ntt m 

[0149] ^ 
I^BjO^m] «±©J:5IC, *»WfcJ:n«, ft^® 

[HI] *SW!©jrai©BlWHTr**. 

[H2] *SgWOJR3aoBi*HTr*S- 

[0 3] *»9!K:*^*»2|Oi«©HWHT*45. 

[04] «*a»<0RKHT?*S. 

[0 5] ^Sg^Kl^S^^AOfll^HT?**. 

[«»©RW] 

1 a-WW, 2"74 X /-\'>X* 2 a 

4^ —y-f y /—M 
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